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Abstract 
In this study, it is investigated that development of pre-service elementary mathematics teachers’ geometric thinking levels 
through an undergraduate course.  Elementary mathematics teachers’ geometric thinking levels are important for people whose 
particular interest area is preparing mathematics teachers. Participants of this study are 26 pre-service elementary mathematics 
teachers who attended an undergraduate geometry course. Geometric thinking levels of participants probed by framework of van 
Hiele geometric thinking levels. Pre-test was administered before starting the course. An undergraduate geometry course in 
which contains definitions, proofs and examples of fundamental geometric concepts. After this course, a post-test implemented to 
assess development of participants’ geometric thinking levels. The results of this study reveal the need of assessment about 
development pre-service elementary mathematics teachers through their geometric thinking levels. Also according to findings it 
is suggested that mathematics teacher educators should revise their geometry courses to encourage growth in their students’ 
geometric thinking levels.  
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
 
There has been an increasing interest on teaching and learning geometry since the mid-1980s (Clements & 
Battista, 1990; Mason, 1997). Principles and Standards for School Mathematics (NCTM, 2000) call for geometry to 
be studied by all students at all grades. Research has shown that many students are having difficulties in learning 
geometry and showing poor performance in mathematics classrooms (Gutierrez et al., 1991). Chappell (2003) 
indicated that the mathematics teachers with inadequate geometry subject matter knowledge are teaching the middle 
school students. Also, according to Stipek (1998), teacher is an important factor in student learning. For this reason, 
teacher education programs need to be carefully updated based on research findings. 
 
Van Hiele (1986) defined a model for geometrical thinking that explains the development of human geometric 
reasoning. According to this model, all human beings progress through five stages of geometrical reasoning as 
follows; level 0-visual level, level 1-descriptive level, level 2- theoretical level, level 3- formal logic and level 4- 
 
* Neslihan Bulut Tel.: +90-312-202-8116  
   E-mail address: mrsbulut@gmail.com 
Available online at www.sciencedirect.com
 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of Prof. Dr. Hüseyin Uzunboylu
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
761 Neslihan Bulut and Mehmet Bulut /  Procedia - Social and Behavioral Sciences  46 ( 2012 )  760 – 763 
nature of logical laws. With respect to the characteristics of these levels as stated by Van Hiele, a person cannot pass 
through a higher level before achieving the previous one. In case of this situation, the student is often applying rules 
dents 
need a treatment to move from one level to the next. According to Fuys et al., (1988) characteristics of the levels are 
as follows: 
 
Level 1 (the visual level): Students recognize a shape by its appearance. They are not able to notice the 
components. They may estimate a given figure is a square because it looks like a table. 
 
Level 2 (the descriptive level): Students at this level reason about geometric concepts by means of an 
informal analysis of their parts and properties. As an example, a student knows the properties of a square 
such as; it has four congruent sides, four right angles, opposite sides of a square are parallel. 
 
Level 3 (the theoretical level): Students at this level logically order the properties of concepts, form 
abstract definitions, and distinguish between the necessity and sufficiency of a set of properties in 
determining a concept. For example, the student can see that a square is a rectangle; but a rectangle may 
not be a square. 
  
Level 4 (The formal logic Level): Students at this level reason and organize proofs logically. They can 
construct proofs of theorems; understand the role of axioms and definitions, and the meaning of necessary 
and sufficient conditions. As the proof is constructed rather than memorized, it is not forgotten thereby can 
be reconstructed.  
 
Level 5 (The Nature of Logical Laws): Students compare different geometries based on different 
axioms and study them without concrete models. They can establish consistency of a set of axiom, and 
equivalence of different sets of axioms, create an axiomatic system for geometry. 
 
Mayberry (1983) worked with 19 pre-service elementary school teachers. She designed her study by considering 
the first four levels including seven geometric concepts (squares, right triangles, isosceles triangles, circles, parallel 
lines, similarity, and congruence). Results of the study indicated that 
who had taken high school geometry were below level- -69). 
 
Knight (2006) in her research studied on 44 pre-service elementary mathematics teachers, she concluded that the 
pre- -III (theoretical level). 
 
Hershkowitz and Vinner (1984) indicated that in-service teachers and their students tend to have similar 
misconceptions regarding their knowledge of basic geometrical figures. 
 
The purpose of this study is investigating the development of first grade pre-service elementary mathematics 
issue; if the required geometry course of pre-service elementary mathematics education program enhances 
 
 
2. Methodology 
 
This study investigated the level of understanding geometry of preservice elementary mathematics teachers in a 
pretest-posttest design, before and after taking the geometry course required by elementary mathematics education 
program. The data were used to determine if there is statistically significant evidence that the preservice teachers 
have a level of understanding geometry at or above their expected audience. 
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Since it was difficult to select a random sample of individuals, convenience sampling was used in this study. A 
class of 27 first grade pre-service elementary mathematics teachers was selected for the study. 
 
Geometric Thinking Level Test (VHL) developed by Usiskin (1982) was used. This test was adopted into Turkish 
by Duatepe (2000) during a master thesis study. 
 
The pre-test was administered during the first class of the semester to the students. The post-test was 
administered at the end of the semester after the last class of formal instruction. 
 
The instruction was designed by considering the geometry course content of Board of Higher Education 
including definitions, proofs and examples of fundamental geometric concepts. 
 
In this study, the 1-5 scheme was used for the levels. For this report, all references and all results from research 
studies using the 0-4 scale have been changed to the 1-5 scheme
read and scored by the investigators. Student responses to VHL were scored as 1 for each correct answer and 0 for 
each incorrect answer. By the way a raw score was calculated for each participant, both for pre-test and post-test. 
The possible raw scores of the VHL range from 0 to 25. Also each participant was assigned to a Van Hiele level 
ranging from 1 to 5. It was necessary for each participant to answer at least 4 of the 5 questions to be assigned to a 
level since random guessing was not expected from the participants in this study and a higher mastery level was 
expected considering all the participants had completed a high school geometry course. Each group of five questions 
and so on). For a participant to be assigned a level, at least four items must have been answered correctly at that 
level. If a participant answered less than four questions correctly at level 1, then level 0 was assigned. 
 
3. Findings 
 
To interpret the results of the pre- and posttests, each participant was assigned a raw score (out of 25) and a VHL 
(1 to 5) similar to what Usiskin (1982) calls a . Descriptive statistics of the VHL and Raw 
Scores are shown below. 
 
Table 1. Descriptive Statistics for Van Hiele Levels 
 
 
  
 
 
 
Table 1 shows the descriptive statistics related with the Pre VHL and the Post VHL scores for the experimental 
group. According to the table, Post VHL mean scores of the participants are higher than the Pre VHL mean scores. 
On the other hand, while the maximum Pre VHL score was 3, maximum post VHL score was increased to 5. 
 
Table 2. Descriptive Statistics for Raw Scores 
 
 
 
 
 
  
Table 2 shows the descriptive statistics related with the Pre Raw and the Post Raw scores for the experimental 
group. According to the table, Post Raw mean scores of the participants are higher than the Pre Raw mean scores. 
On the other hand, both the minimum and the maximum scores were increased from pretest to post test. 
Tests              N Minimum Maximum Mean St. Dev. 
Pre VHL         27 0 3 1.81 1.07 
 
Post VHL       27 
 
0               
 
5 
 
3 
 
1.24 
Tests              N Minimum Maximum Mean St. Dev. 
Pre Raw         27 11 20 16.11 2.54 
 
Post Raw       27 
 
14              
 
22 
 
18.29 
 
2.25 
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e pre and post VHL scores of 
-test Van Hiele level 
scores and post-test Van Hiele level scores (ranging from 1 to5) of participants is not normally distributing. 
Therefore, the data were analyzed by Mann-Whitney U-test.  
 
Table 3. Descriptive Statistics for Raw Scores 
 
 preVHL-postVHL    preRAW  post RAW 
Z -3,601(a) -3,963(a) 
Asymp. Sig. (2-tailed) ,000 ,000 
 
Statistical test findings showed that there is a significant mean difference according to preservice elementary 
 (p<0.05). Also, a significant mean difference was found between the preRAW 
scores and postRAW scores (p<0.05). 
 
4. Results and Discussion 
 
     Findings are similar to the related literature (Mayberry, 1983). Undergraduate geometry course for preservice 
elementary mathematics teachers is an opportunity to help teachers for geometric thinking. After the udergraduate 
geometry course preservice eleme ric thinking is increased from 
1.81 to 3. But the 3rd level of geometric thinking is not enough for students at this grade. Also at regarding the 
pretest scores any of the participants performed above 3rd level. On the other hand post test scores showed that 
some of the participants performed at the 5th level of geometric thinking.  
    Results indicated that geometry courses need revision for improving techers geometric thinking levels. With 
respect to the f
future students thinking levels. 
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